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S U  MMAR Y 

The posi t ion of the axis of Zodiacal l i g h t  has been s tudied on 
the  bas i s  of photoelectr ic  observations of Zodiacal l i g h t  made during 

1955- 1958. It is shown t h a t  on the  average, t h i s  axis coincides with the  

e c l i p t i c .  -No r e l a t i o n  is revealed between the posi t ion of the  aXie and 

t r e  l a t i t u d e  of t h e  point of obseru~t ions .  A dependence is found between 
the pos i t ioo  of the  axis and the e c l i p t i c a l  l a t i t u d e  of the Moon. Such a 
r e l a t i o n  is possible i f  a l l  or a co-siderable f r a c t i o n  of t he  material of 

Zodiacal l i g h t  is located i n  the Earth-Moon gravi ty  f i e ld .  

8 

8 * 

The posi t ion of the axis of Zodiacal l i g h t  h a s  a f i rs t -degree 
s igni f icance  for the theory of Zodiacal l i gh t .  Its nearness t o  the eclip- 

t i c  served as the  first argument resor ted  t o  by C a s s i n i  [l] when explain- 
i n g  the Zodiacal l i g h t  by s c a t t e r i n g  of solar r ad ia t ion  on p a r t i c l e s  of 
the  he l iocen t r i ca l  dust cloud with maximum of p a r t i c l e  concentration in 
the  e c l i b t i c  plane. The old determinations of the  position of the  axis of 
Zodiacal l i g h t  [2, 3, 4, 5 and 63 are based upon by s i g h t  estimates of 
brightness,  witkout taking in to  account t he  influence of various components 

of night sky i?irglow, and thus can not represent  s u f f i c i e n t l y  prec ise ly  
t h e  posi t ion of the axis of s t r i c t l y  the  Zodiacal ligbt. 

(*) OS ZODIEKAL'NOGO SVETA I VLIYJ3IYE LUNY NA YEYE POUnaEMIpE 
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The first instrumental deterEinations of the posi t ion of the axis 

of Zodiacal l i g h t ,  taking i n t o  account the night sky glow components, were 

made by Fesenkov [?I on the bas i s  of observations car r ied  out i n  1913. 
These l e d  him t o  the conclusion tha t  the  axis of Zodiacal l i g h t  is p a r a l l e l  
to t he  e c l i p t i c ,  but  is displaced from it by 2°northwzrd. According t o  
l a t e r  photoelectr ic  observations by Regener 183, the  axis of Zodiacal l i g h t  

caincides  with the ec l ip t i c .  A long s e r i e s  of photographic observations by 

Donich [ 9 ] ,  c w r i e d  out i n  T a m a m a s s e t  in 1946-1949, l e d  him t o  conclude 
t h a t  t he  axis of Zodiacal l i g h t  l ies  in a plane, inc l ined  by 2' t o  t he  

e c l i p t i c  
reached p rac t i ca l ly  the  same r e s u l t  

of t h e i r  photopaphic  observations t h a t  the axis of Zodiacal l ight  iS fncli- 
ned at an m g l e  of 1 . 5 O a t  ascending node longitude 115'. They reached the  
conclusion t h a t  the symaetry plane of sca t t e red  matter is near the  invar iab le  

Laplace plane. 

a.t longitude of the ascending node 118'. B lackwe l l  and hgham 
[lo], having establ ished on the  b a s i s  

As may be seen from the  r e s u l t s  brought up by various authors, it 
is present ly  still d i f f i c u l t  t o  reach a spec i f ic ,  s u f f i c i e n t l y  r e l i a b l e  

conclusion 
a s t h e s e  r e s u l t s  are in many instznces contradictory. In connection with 

t h i s ,  we undertook the attenipt of analyzing i n  d e t a i l  the  photoelectr ic  
observations, conducted by one of us during the period from 1955 t o  1958. 
The descr ipt ion of observations setup and of mater ia l  processing, together  
with the expounding of the general r e s u l t s  of these observations, 3s brought 

out i n  the works [ll, 12, 13,143. 

as regards the posit ion of the  axis of Zodiacal l i g h t ,  inasmuch 

W e  understand by the axis of Zodiacal l i g h t  the  geometrical seat of 
the points  of brightness  m a x i n u n  of Zodiacal l i g h t  along cross sec t ions  
perpendicular t o  the ec l ip t i c .  I n  order t o  search f o r  these points, we u t i -  

l i z e d  the ex t r a  atmospheric brightnesses of Zodiacal l i g h t ,  God,  f reed  

fron the  atmospheric and s te l lar  plow cox>onents and depndent  on the e c l i p  
t i c a l  l a t i t u d e  f and longitu?!e e== I A - h I ,  counted from the  Sun (A 2nd 

being the e c l i p t i c a l  lonri tudes of t ' . c  observed point of Zodiacal l i g h t  ~ - : 3  

Sun, rosnectively).  
For the deterxinat ion of the axis of Zodiacal l i g h t  the  most con- 

venient are t h e  observations car r ied  out at normal posi t ion of the  e c l i p t i c  
e* 
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r e l a t i v e  t o  the horizon. I n  t h i s  case the e f f e c t  of tropospheric s c a t t e r i n g  
is  symmetrical r e l a t i v e  t o  the ec l iy t ic .  A s  was shown by Fesenkov [15], 
at nornal  ,)osition of the e c l i p t i c  r e l a t i v e  t o  the horizon the correct ions 
for the  sca t t e r ing  of Zodiacal l i g h t  i n  the t e r r e s t r i a l  atmosphere in the 

given a h c a n t a r  is i d e n t i c a l  for  the points s i t u a t e d  at  equal dis tances  
f r o =  the e c l i p t i c ,  and therefore, the sca t t e r in se f f ec t  of Zodiacal l i g h t  
i n  tke t e r r e s t r i z l  rtmos>here does not displace the axis of the former, 

inc?smuch as i t  is close t o  the ec l ip t i c .  

The photoelectr ic  observations of 
1977 were conducted i n  Egyp t  near A s w h ,  

where i n  t h e  morning hours the e c l i p t i c  
was nearly perpendicular t o  the korizon. 

According t o  the found values of 

f o r  various cross  sect ions L. = const., 

we constructed the curves of brightness 

Fig. 1 - Curve of  5;-1-htness ee>endence 
of Zodiacal l i G h t  on the e c l i p t i c a l  la- 
t i tuPe  p don ;  ";e c i r c l e  E =  const. 

( e:rimple 1 

Fig. 2. - The dependence of p, 
on according t o  observations 

Of 1957- 

of Zodiacal light 
dependence on the e c l i t p i c a l  lat i-  
tude p .  We demonstrate one of 

Goa = f ( c ,  f3 

such curves i n  F i g . 1 a s  an exazple. According t o  these curves we deternined 

the l a t i t u d e  fm of the point of b r i g h t n e s ~  maximum f o r  the given value 
E =  c. The values of &were examined separately f o r  each night of obser- 

vations. In Fig. 2 we indica te  the pos i t ions  of br i ,%tness  maximan points  
f o r  ezch night i n  the elongation i n t e r v e l  3So<;<96". (The blue and green 



filters .?.re glass f i l t e r s  w i t h  with maximum transmission a t  respect ively 

1414 and 91 XI&, the f i l t e r  522 

with t ransa iss ion  maxintuP at 522 mmk). As may be seen from the  diagrams 
i n  the  figures, these points  m e  not disposed along a s t r a i g h t  line tha t  

might be taken for the  axis of Zodiacal l ight .  It is quite  possible t h a t  

casual def lec t ions  are manifest here, which are conditioned by instrumental  
e r r o r s ,  and a lso  by imperfection of t h e  method of measurement processing. 
The fact is, tha t  the ex i s t ing  method of l i be ra t ion  of the observed br ight-  

nesses on the  atmosDheric and s te l lar  components is based upon averaged de- 

pendezces, Thus, the l i b e r a t i o n  from the stellar coqonent  is ca r r i ed  out with 

the7average dependence of Yne stellar component on the ga l ac t i c  l a t i t u d e  for 
t h e  e n t i r e  sky. A t  the same t i n e ,  s e p s a t e  and not too br ight  stars, h i t t i n g  

the v i sua l  f i e l d  of the  photometer, can not be taken i n t o  account. However, 

they mag introduce notable d is tor t ions ,  As t o  the atmospheric component, it 
is asswed constant along the  almucantm. However, t h i s  last assumption, 
l y ing  at the basis of the usuzlly zpplied method of observations, is lazowingly 
incorrect  even i n  case when t h e  e c l i ? t i c  is perpendicwfar t o  the horieon. 

A s  is  wellknown, the night sky airglow has a f locculent  s t ruc tu re  i n  the 
emission l i n e s ,  which is qui te  d iTf icu l t  t o  take i n t o  account during the 

processing of observations of Zodiacal l i gh t .  That is why the obtained posi- 
t i o n s  of Zodiacal li&t brightness maximum may be def lec t ing  from the  posi- 

t i on  of t h e  t rue  maximum of Zodiacal l i g h t ,  d i s t o r t i n g  its axis. 

is a narrow-band interference f i l t e r  

a ' d  o f t t e  

If the  posi t ion of the points of maximum brightness $ m  as a function 
of E is conditionally represented by the  l i n e a r  function p m = b e + a  , we 

obtain f o r  the parameters 5 and 
with the values of the =:le p of these l i n e s '  i nc l ina t ion  t o  the e c l i p t i c  
(cp = arctg b) ,  

the  values conpiled i n  Table 1* together 

?or tke mean values b y a l l n i g h t s  and all f i l t e r s  we obtain the  depen- 
dence Brn = -0.018 E +  2O.1.  which gives f o r  the inc l ina t ion  of the mean axis t o  

the e c l i u t i c  an angle cp = -1O.O. 

i nc l ina t ion  of the l i n e ,  representing the axis of Zodiacal l i g h t ,  is obtained 
only i n  three cases and only for observation6 with a blue f i l t e r .  For the 
p e e n  f i l t e r  and for the i n t e r f e r o m e t e r f i l t g  $22 
in a l l  cases, t h a t  is, near t h e  horizon the  poin ts  of br ightness  maximum of 
Zodiacal l i g h t  ape fu r the r  deflected northward from the e c l i p t i c ,  than i n  

* [see page 63 

As may be seen from Table 1, the pos i t ive  

the  inclination is negative 
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tile port ions of the  sky more renote from the  horizon. Fo?lowing are the 

mean values of Prn 
i n  a l l )  : 

for 211 nights  of observations (86 cross  sec t ions  

- pm = + 1:1 *ozis for .Teen rays 
-$m=+i:0~tO:2 ?or blue  rays 
IL=+i:akO:ii fsr F a e n  and blue rays 
- 

Therefore, t h e  d a t a  o”in5nei occor r l in r  t o  7-95? observations in Egypt, allow 
the followir-!: conclusiaas. I n  t h e  elongation region from 35 t o  90’ the  poin ts  
of br ightness  maxirum of Zohiacal l i g h t  are somewhat displaced northward of 
t h e  e c l i p t i c  (by 1’ a6 an Everage). Aowever, t h i s  def lec t ion  i s  not i den t i -  

c a l  for a l l  elongations, which lead8 t o  a emall i nc l ina t ion  of the axie of 
Zodiacal l i g h t  t o  the e c l i p t i c  at € e U O 0 .  

The considered observations were conducted with f i l t e r s ,  but without 
Polaroid. Measurements with polaroid ( three  posi t ions of t h e  Polaroid), which 

provide a nonpolarieed as w e l l  as a polarized components, are less precise. 
The posi t ion of brightness m a x i m i n  points  obtained by these polar iza t ion  mea- 

surements, are  characterized by subs tan t ia l ly  greater point sca t te r ing ,  and 
that is  why the ax is  is determined l e s s  r e l i ab ly ,  Nevertheless, l e t  us point  

out t h a t  the results of polar izat ion measurements do not contradict  the mea- 

surezents  without the  polaroid. 

It is of i n t e r e s t  t o  conyare the r e s u l t s  of observations conducted 
i n  Egypt a t  v e r t i c a l  posi t ion of the e c l i p t i c  with the r e s u l t s  of observations 

a t  its incl ined posi t ion r e l a t i v e  t o  the horizon. Such observations were con= 

ducted by one of us on the Kamenskoy Plateau a t  1450 m a l t i t u d e  above sea 
l eve l ,  aad i n  1958 - at  the high-alt i tude s t a t i o n  DAISH at  3000 m above 
sea l e v e l  under per fec t  atmospheric conditions, We bring f o r t h  hereaf te r  the 
rne3.n dependences of le, on 
of t h e  axis of Zodiacal l i g h t  t o  the e c l i p t i c .  A l l  the  considered observa- 

t i ons  were conducted i n  autumn (October-FJovember) and refer t o  the  morning 

€ together with the values of i nc l ina t ion  angle 

Zodi3cal l i gh t .  
1955 r. @, ==-A- 0.128 e -19.3 (rp = + 7F3) 
I s 6  r. 8, = - 0.019 e - 0:9 (9 = - i 3 )  
1958 r. Bm == - 0.049 E + 3z9 (rp = - 2%) 
1%7 r. 8, z - 0.018 e + 2 2  (rp = - 1%) 
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D A T E  

T A B L E  1 

F I L T E R 1  1 b 

I I 

L y E / I *  1 1 A 1 n ' 
by the above indicated errors of ob- 
serva t ions  and processing methods, 

1955 -2:n 1 0:s 25 - 
-1.t I 0.3 20 the  mean night values pm of point  
-!-1.1 0.1 55 
! 1.0 I 0.5 I 21 

1356 
1957 
1!)58 l a t i t u d e s  of brightness  maximum of 

24 X 1957 
24 S 1%7 
25 s 19-57 
2 SI 1%7 
3 XI 1957 
3 SI 1957 
4 SI 1957 
4 XI 1957 

21 XI 1957 
22 XI 1957 
22 X I  19.57 

+I :5 
-0.77 

' +0.92 
+4.1 
+2.1 
-1.2 
+4.0 
+1 -0 
+2.2 
t 2 . 2  
+l .o 

-0.m +o .0135 
-0.00'16 
-0.046 
-0.016 
+0.033 
-0.640 
-0.017 
-0.025 
-0.026 
+0.0018 

~~ 

cg 

4:s 
9 . 8  
4 . 3  
-2.6 
4.9 
+1 .o 
-2.3 
-1 .o 
-1 .s 
-1 .5 

. +o.i 

Zodiacal l i g h t  along the  cross sec- 

t i ons  E =  const can serve as a more r e l i a b l e  cha rac t e r i s t i c  of the  pos i t ion  

of the axis of Zodiacal l i gh t .  The cross  sec t ions  e =  const w e r e  obtained 

by reduce<. t rue  SriFhtnesses of Zodiacal l i g h t ,  f reed from all the  c o q o -  

ne:its o f  night sky zlow and represented i n  the form of a function I Zad @,E) 
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of the e c l i p t i c a l  l a t i t u d e  f,,,,anand 
mean values p,,, for every year of 

longitude differences E = / i o  - Ai.  The 

observations i n  green rays are  brought out 

i n  Table 2 zlonsside with the  mean quadratic ones A. I n  the last column 

of the t ab le  w e  indicated the number of cross  sec t ions  2, according t o  which 

the averages were obtained. 

As is shown by the  da ta  of Table 2, there  is no e s s e n t i a l  departure 
i n  tke posi t ion of the a s i s  of Zodiacal l i g h t ,  e i t h e r  from observations in 
E , q p t  (Aswsn)  a t  + 24O Teopaphic l a t i t u d e  and A h a - A t a  (geographical l a t i t u d e  

+ 43.2O ). The mean e c l i ? t i c a l  l a t i t u d e  of the  poin ts  of brightness maximum 
for the  Feriod 1955-1958 according t o  observations in green rays was found 
t o  be - 0 .2O 2 0.80. The mean weighted according t o  a l l  observationsgfves 

+0.lo f 0.2'. Therefore, our r e su l t s  show t h a t  within the limits of the  pre- 

F i F . 3 .  - Relationshi? bet- 
ween Illnand ?,, according 
t o  every year ' s  observations 
i n  green rays. - a - 1957 ; - 1956 i - 1958; - 19%. 

c i s ion  of observations, the a x i s  of Zodiac- 

a l  l i g h t  coincides, as an average, with 

the ec l ip t i c .  
The inves t iga t ion  of def lec t ions  - 

of the mean nocturnal values 
mitted t o  e s t ab l i sh  a l i n k  between the  ave- 

rage night l a t i t u d e  Prn of the  points  of 

prn has per- 

- 

I I ~ . " ' ' ' ' "  

J'r"J--S' $ 8' f r 3- t 5-p, 

Fig.4. - 2zla t ionship  between p,,, and 
acco;ding t o  b y e a r  observations 

1955 - 1958. 
- 

Bn 

brizhtness  m a t i m u m  and the latitude JI of the  Moon. The r e l a t ionsh ip  between 

tke mean ec l iF t i ca1  l a t i t u d e  p, of the points  of br ightness  m a x i m u m  (for the 

eiven night) znd the  e c l i p t i c a l  l a t i t ude  PJ of the I4oon is shown separa te ly  
for each year i n  Fig. 3. These r e s u l t s  refer  t o  observations green rags. 
As n2.y be seen from Sig.3, the l a t i t u d e  of the  poin ts  of 2.1. brightness maxi- 
m a n  increases  in a l l  csses, as the l a t i t u d e  of the  Moon increases. 

P 
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I n  Fie.4 we assembled a l l  the  four-year observations. The dependence of pm 

on is evident here too, The cor re la t ion  f a c t o r  between fm and was 

found t o  be 0.76 f o r  a l l  the nights of observations during the  e n t i r e  four- 

year period. If the m e a n  values of f m a r e  computed taking i n t o  account the  

weight, imparting t o  each determination a weight proportional t o  brightnees,  

t he  r e s u l t  w i l l  not be changed qual i ta t ively.  I n  t h i s  ca6e the  cor re la t ion  
f ac to r  w i l l  be found t o  be 0.75,which p rac t i ca l ly  coincides with the  above. 

detected by us, is found t o  be in agree- The dependence of p,. un Pfi 

ment w i t h  the ear l ier  found [16] deTendence of t he  br ightness  of Zodiacal 

l i g h t  on the age of the  Moon and shows t h a t  the Won affects the  matter con- 
di t ion ing  the Zodiacal l i gh t .  It is evident t h a t  t h i s  may be only in t he  

case when t h i s  matter is located near the Noon and is subject to t he  ac t ion  

of its gravi ta t iona l  f i e l d .  Note, however, t h a t  t he  aXie of Zodiacal l i g h t  

does not  coincide with the  lunar  o r b i t  plane, but lies in the  e c l i  ic or 
very near it. Therefore, the Noon exe r t s  a perturbing act ion upon t he  matter 
of Zodiacal l i g h t ,  def lec t ing  its axfs on e i t h e r  s i d e  of the ecliptic. 
T h i s  r e s u l t  may have a great significance f o r  the study of the nature of the  
substance of Zodiacal l i g h t  and shows t h a t  i f  not all its brightness,  at 
l e a s t  i ts e s s e n t i a l  p a r t  is conditioned by the s c a t t e r i n g  of s o l a r  r ad ia t ion  

over the  dust matter located i n  the g rav i t a t iona l  f i e l d  of the  system 

E a r  th-Hoon . 

Odessa Polytechnical I n s t i t u t e  

Contract mo.NAs-5-3760 
Consultants & Designers, IEC. 

Arlington, Virginia 

Received on 14 September 
19 64 

Translated by gMlRE LOBRICHANT 

on 2-3November 1965 



R E F E R E N C E S  

1.- D. CASSIIUI, M&. Acad. sci. Paris, 8, 121, 1730. 

2. 

3. 

4. 

5. 

6. 

7. 

a. 

9. 

10. 

11. 

12. 

13. 

14. 

15 

16. 

E, MARCHAND. C. r. Acfd. sei., 121, U-34, 1835. 

C. EOFFMEEISTBR. V e d f f .  Univ,Sternwarte, Berlin - Bsbelsberg, 10, 1, 1932; 
Astron. Hachr., 271, 49, 1940. 

F. SCMID. Astron. kchr., 270, 220, 1940. 

G. P. ZAKHAROV. Izv. Russk, obshch, lyubiteley astronanli, 3, U2, 1914; 
6 ,  166, 1917 i 4, 92, 1915. 

E. SCBbEURG, R. PICE. 

V. G. FESENKOV. La Lumiere Zodiacal (dokt. dissertatsiya). Parizh, 1914. 

V. 11. RECENER. 

Mitt. Univ.Sternwarte, BresLau, 5, 1, 1939. 

Astrophys. J., 122, 520, 1955. 

M. N. DONICH, Bull. A s t m . ,  17, 95, 1593; 20, 15, 1955- 

D. E. BLWKWEU, M. F. RUBAM. Monthly Notices Roy. A8tmn. SoC., 122, 113, 
1961. 

N. B. DIVARI i A. S. ASAAD, Astron. zh., 36, 856, 1959- 

I?. B. DIVARI i S. N. I(RYLOYA. Astron. zh., 40, 514, 1963. 

N.  B. DIVARI, s. N. KRYLOVA i V. I, MORQ. ~ermarm. i aeroncmiya, 4, 822, 
19a 

N. B.  DIVARI i s. N. KRYLQVA. i aeronomiys, 5, 784, 1965. 

B. G, FESENKOV. 

N. B, DIVARI, Astron. zh., 40, 717, 1963. 

Astron. zh., 40, 822, 1963. 



110 
400 
600 
610 

611 

612 

613 
614 

615 

640 

630 
252 
256 
620 

STROUD 
EOURDZAU 
PIEPER 
HEREDITII 
SEDDOX? 
McDOXALD 
ABRAHJW 
BOLD!!! 
HEP3?ER 

KUPPERIAN 
1 m m  
FROST 
BEHRING 
BAUER 
AIKIX 
STONE 
"HIPFLE 
HESS 
O'KEEFZ 
FEAD 
AAZDA 
HARRIS 
CANERON 
GI for SS 
LIBR!!!Y 
F R W  
SPENCER 
NEldTON 

rms 
c33 

c3 3 

c53 

D I S T R I B U T I O N  

SS NE:J;c;IL, NAUGLE 
SG WJ!CH$U, 

ROMAN 
StII!CH 
SCHIJIDT 
SCiXEZLWG 
DUBIN 

BRm 
FELLOWS 
HIPSHER 
HORCRqITZ 

RR i\'URZlSG 
RTR isF,ILL 
ATSS SCHWINI) 

ROBgINS 
wx s k m  
SM Fo5T3R 

SL LIDDEL 

A I L E N B Y  
GILL 
BADGIEY 

10. 

A R C  

SOHCPT C53 
LIBRARY IC31 

Lf4 R C  
160 ADAMSOIO 
213 KATZCWF 

- 
235 SEATOH 

185 WEATHERWAX c2J 
SIlwIg 

uc BERELlELEY 
WIWOX 

190 - 
LIBRARY 


